Scarce data exist on the body composition of lean women with polycystic ovary syndrome (PCOS) on treatment with metformin and oral contraceptives (OCs). Thirty-four lean (body mass index 18.5-24.9 kg/m 2 ) women (17 with PCOS on metformin and OCs treatment for six months and 17 controls) aged 18-40 years were assessed for body composition parameters (fat, muscle, glycogen, protein masses, bone masses, and body water compartments) and phase angles. PCOS patients demonstrated lower muscle, glycogen and protein masses (U = 60, p = 0.003), along with a lower bone mineral content and mass (U = 78, p = 0.021; U = 74, p = 0.014) than their healthy counterparts, while total and abdominal fat masses were similar between the two groups. PCOS patients also exhibited increased extracellular body water (U = 10, p < 0.001) and decreased intracellular water, compatible with low-grade inflammation and cellular dehydration. Key differences in body composition between women with PCOS and controls demonstrated an osteosarcopenic body composition phenotype in PCOS patients. A confirmation of these findings in larger studies may render osteosarcopenia management a targeted adjunct therapy in women with PCOS.
Introduction
Polycystic ovary syndrome (PCOS) is a multifarious endocrinopathy affecting up to 15% of reproductive-aged women worldwide [1] and 5%-7% of Greek women, with adverse consequences for their health and quality of life [2] . The syndrome has been studied extensively in terms of genetics, epigenetics, hormonal interactions, diagnosis and complications. However, more robust studies are needed to explore the mechanisms accountable for the improvements after dietary or pharmacological interventions [3] . PCOS phenotypes are stratified according to age, reproductive status and body mass index [4] . Body mass index (BMI) is an inadequate means of body composition assessment, as it measures the degree of excess body weight but not the lean and fat body masses, both of which influence morbidity and mortality [5] . Moreover, there is debate about the lean phenotype of PCOS regarding the characteristics and management modalities [6, 7] .
A bioelectrical impedance (bio-impedance) analysis (BIA) provides an assessment of body composition based on the varying bioelectric resistance of different tissues [8] . It is safe, inexpensive, patient-friendly and convenient. A BIA assesses total body water volume, fat-free mass [9] , skeletal muscle mass [10] , mineral distribution between different body compartments and cell membrane functional integrity [11] .
Lately, evidence has accumulated about the effect of stress and, consequently, about subclinical, low-grade inflammation on body composition [12, 13] . Additionally, a significant number of studies have attributed significant anti-inflammatory [14] and antioxidant properties to metformin, along with a reduction in body fat in individuals with hyperglycemic states [15] [16] [17] [18] .
Increased salivary cortisol and α-amylase concentrations have been reported in PCOS patients which, compared with healthy counterparts, demonstrated a sustained low-grade inflammation status [12, 19, 20] . PCOS is associated with an increased glucocorticoid receptor protein concentration and hypothalamic-pituitary-adrenal (HPA) axis upregulation and oversensitivity [21] . These findings suggest an association between the stress markers, metabolism and alterations in body composition parameters of PCOS patients [22] . The combination of oral metformin and oral contraceptives is one of the most common treatments for PCOS [5, 23] . The administration of the insulin-sensitizer metformin has resulted in significant reductions of visceral and subcutaneous adipose tissues [24, 25] , whereas oral contraceptives help in the management of both menstrual disorders and androgen excess symptoms [23] . Therefore, it is expected that the combination of metformin and oral contraceptives (OCs) may help in maintaining the homeostasis of body composition in these women [26] .
There are few bio-impedance studies that have assessed body composition in lean women with PCOS [27, 28] , exhibiting inconclusive or conflicting results [29] [30] [31] . Data are even more scarce for lean PCOS patients of reproductive age on treatment with metformin and OCs. The aim of this pilot study was to assess potential differences in body composition parameters between reproductive age lean patients with PCOS on combined treatment with OCs and metformin, as well as healthy age-and BMI-matched controls.
Materials and Methods

Study Design-Setting-Participants
The study was approved by the Athens University Medical School Ethics Committee and was in accordance with the Helsinki Declaration of the World Medical Association for human studies (Repository number: 345/28-8-2012). All participants gave informed consent after an explanation of the purpose and nature of every study procedure. The study took place at the Unit of Translational and Clinical Research in Endocrinology of the National and Kapodistrian University of Athens ('study site') in one academic year period (from September 2013 to June 2014).
Study participants included a convenience sample of lean (BMI 18.5-24.9 kg/m 2 ) females of reproductive age (18-40 years) with polycystic ovary syndrome (PCOS group) and clinically healthy age-and BMI-matched females (control group). The PCOS group included women with an established diagnosis of PCOS according to the Rotterdam criteria (the presence of at least two of the three diagnostic criteria, i.e., chronic anovulation, clinical and/or biochemical hyperandrogenism, and polycystic ovaries on ultrasound-after the exclusion of related disorders) [5] . PCOS patients received OCs and metformin for 6 months. The control group included healthy, euthyroid women with a menstrual cycle of 26-35 days who were on no medication. Participants visited the study site mostly for a routine check-up.
Exclusion criteria included pregnancy, chronic life-threatening diseases, epilepsy, other neurological or severe mental disorders, and the presence of metal devices such as orthopedic prostheses or pacemakers that may intervene with BIA measurement evaluations. Women with a history of atopic dermatitis were not included in the study to avoid irritation from the skin patches used in BIA-ACC measurements.
Variable Measurements
BIA Measurements
The body composition bio-impedance analysis was performed with a BIA-ACC device (BIOTEKNA Biomedical Technologies) [32, 33] . This device applies alternating currents using two different frequencies, 50 and 1.5 kHz [bi-frequency measurement method], to measure body composition based on a multi-compartment model (2C, 3C, 4C, 5C). Study participants lied supine on an electrically non-conductive flat surface, and there was no contact with metallic elements. Two electrodes were applied on the dorsal surface of the right hand, and two electrodes were applied on the dorsal surface of the right foot of each participant. The formulas used for computations have been previously described in detail. This method is simple, rapid, does not require skilled staff and does not expose individuals to radiation [32, 33] . The device has been validated against dual energy X-ray absorptiometry (DXA) [33] . 
Bias
The possibility of selection bias was addressed by the similarity in the recruitment of both groups.
Statistical Analyses and Sample Size Calculation
A two-sided p-value < 0.05 was considered significant in all analyses. Data normality was examined using the Shapiro-Wilk test. Descriptive statistics are presented by median values and by 25th and 75th percentiles. Due to the asymmetry of distributions and the small number of participants, Mann-Whitney U-tests were used to test the statistical significance of differences between the two groups. Kendall's tau tests were used to evaluate correlations.
An effect size r calculation was also performed by dividing the z value by the squared root of the number of the total sample. The Holm's method was used for adjusting the alpha level [34] , using the 'Holm-Bonferroni Sequential Correction: An EXCEL Calculator-Ver. 1.2 form by Justin Gaetano [35] . As this study was a pilot, the aim was to include over 12 participants per group [36] .
Results
Participants
A total of 102 women were initially screened, of which 52 were eligible to be included in the study. From these, 17 patients with PCOS and an equal number of clinically healthy controls, matched for age and BMI, agreed to participate.
Descriptive Data
The baseline characteristics of the participants of the study did not differ between the two groups, as shown in Table 1 . 
Outcome Data-Main Results
The PCOS group demonstrated sarcopenia (x 2 = 17.486, df = 33, p < 0.001) with a low skeletal muscle mass measured both in kilograms (p = 0.004, r = 0.5) and as a percentage of fat free mass (p < 0.001, r = 0.7). On the other hand, the fat free mass (FFM), in kilograms (kg) was also lower in patients with PCOS than controls, but the size effect was moderate (p = 0.05, r = 0.33). The glycogen mass as a percentage of FFM and in kilograms was significantly decreased in the PCOS group compared to those of the control group (p < 0.001, r = 0.73; p = 0.004, r = 0.5, respectively), along with decreased total body protein measured in kg and as a percentage of the fat free mass when compared with the control group (p = 0.003, r = 0.5; p < 0.001, r = 0.74, respectively). Appendicular lean soft tissue in kg and as %FFM was also decreased in the PCOS patients vs. controls (p = 0.003, r = 0.5; p < 0.001, r = 0.69, respectively), as shown in Figure 1 . The total adipose tissue mass (ns, r = 0.063) and the abdominal fat mass (ns, r = 0.06) did not differ significantly between the two groups.
The bone mineral content and bone mass were decreased in the PCOS group compared with the control group (p = 0.021, r = 0.4; p = 0.014, r = 0.41, respectively), as shown in Figure 2 . The PCOS group was also "dehydrated" in terms of total body water volume and intracellular body water expressed as a percentage of total body water and in liters (p = 0.026, r = 0.378; p < 0.001, r = 0.799; p = 0.0025, r = 0.52, respectively) compared with the control group.
Extracellular body water, expressed as a percentage of total body water, was increased in the PCOS group (p < 0.001, r = −0.8). A statistically significant difference in the phase angle was also observed between the two groups, with the PCOS group demonstrating lower degrees (p < 0.001, r = 0.71). 
Other Analyses
No statistically significant correlations were observed between the body composition variables assessed by the BIA-ACC device and the participants' characteristics, either in the total sample or in the two groups separately.
Discussion
Our study revealed statistically significant differences in the body composition between lean women of reproductive age with PCOS under treatment with metformin and oral contraceptives and that of control women. Patients with PCOS demonstrated a decreased fat-free mass (decreased skeletal muscle mass-sarcopenia) [37] , a decreased bone mineral content and bone mass, decreased total body water and intracellular body water. Conclusively, lean PCOS patients of reproductive age receiving metformin and OCs for six months presented with osteosarcopenic elements and cellular dehydration.
Dolfing et al., with the use of a BIA, compared lean PCOS patients with matched controls and found similar lean body masses between the two groups. However, the results of this study were based on a very small sample [28] . PCOS is a hyperandrogenic disorder, and androgens are known to increase lean and muscle mass in males. A significant positive correlation between serum androgen levels and muscle mass has also been reported in patients with PCOS [38] . Nevertheless, another study has demonstrated that in women with PCOS, increases in lean mass are associated with insulin resistance and central obesity rather than with energy intake, physical activity or androgens [39] . The PCOS group in our study was under treatment with metformin. It has been shown that metformin improves not only insulin resistance but also biochemical hyperandrogenemia [40] . No data exist regarding the effect of oral contraceptives on the body composition of lean PCOS patients, but in menopausal females, OCs seem to induce muscle anabolism [41] .
Vgontzas et al. reported a significant increase of circulating interleukin-6 [42] , while Ciaraldi et al. demonstrated a low-grade, systemic inflammation [43] in both lean and obese PCOS patients. Low-grade inflammation is a major cause of skeletal muscle wasting [44] , even in the presence of elevated androgen concentrations [45] . A study by Ibfelt et al. showed that inflammatory cytokines directly induce insulin resistance in skeletal muscles [46] . Additionally, a recent study correlated low-grade inflammation with osteosarcopenic elements in a large sample of healthy overweight/obese individuals [47] .
Thus, it seems that PCOS, apart from other characteristics, is a disorder of low-grade inflammation, as reflected in the body composition of women in this study and in accordance with recent studies [12, 13] .
It is known that modifications of the mitochondrial system influence the production of reactive oxygen species that play important role in muscle function. Additionally, dysfunctional mitochondria trigger catabolic signaling pathways which feed-forward to the nucleus to promote the activation of muscle atrophy. Our results seem to reinforce these findings [48] .
Recent data suggest the contribution of hepatic disorders, such as the non-alcoholic fatty liver disease (NAFLD), to PCOS phenotypes [49, 50] . The PCOS group in this study was under treatment with metformin and OCs. Data from previous reports indicate that the diminished hepatic glucose output observed with metformin may result from the inhibition of electron transport in mitochondrial respiratory Complex I [51] , as well as from the antagonism of glucagon action in the liver [52] . Another study also demonstrated the loss of fat free mass due to the weight loss attributed to metformin therapy [53] .
In several studies [37, [54] [55] [56] , metformin administration in type 2 diabetic patients led to an increase of serum fibroblast growth factor 21 (FGF21) concentrations; a hormone increased in muscle wasting and degeneration. Additionally, Cetrone et al. concluded that AMP-activated protein kinase (AMPK) agonists, like metformin, might induce muscle mass atrophy compatible with the reduced muscle mass of the PCOS women [57] . However, in these studies, PCOS patients were overweight or obese. Thus, a direct comparison with the results of our study is not feasible. Finally, the increased muscle sympathetic nerve activity in PCOS patients [58] may induce muscle degradation [59] . Another potential contributor to the decreased muscle mass in PCOS patients might be the general lack of physical exercise, possibly associated with the depressive symptomatology of these patients [60] or with their obstructive sleep apnea, as shown in some studies [61] .
No statistically significant differences were found in the fat mass between the PCOS and the control groups of this study. Similarly, Durmus et al. found a higher visceral adiposity in overweight and/or obese PCOS patients compared to peer controls and non-obese PCOS patients [62] . Lean women with PCOS had a similar total fat mass to that of healthy BMI-matched controls in two studies [27, 28] , also confirming our results. The fat mass and abdominal adipose tissue (measured in cm 2 ) did not differ between the two groups in this study. Visceral adiposity is a marker of additional metabolic risk in polycystic ovary syndrome; however, this feature may be more evident in overweight and/or obese PCOS patients [63] , which were not included in our study. Moreover, the PCOS group of our study was on treatment, which might have induced a loss of fat mass [25, 43, 64] and an amelioration of their endothelial function [65] .
Hyperandrogenism and hyperinsulinemia, well-recognized characteristics of PCOS, may influence bone mineral density and biochemical markers of bone turnover. Bone formation markers were found to be decreased in younger PCOS patients compared with healthy controls [66] . It has also been reported that metformin and sulfonylureas may have a neutral or positive effect on bone health [67, 68] . Furthermore, low osteocalcin concentrations in PCOS have been reported, possibly suggesting the under-functioning of osteoblasts in these patients [69] . The bone mass and bone mineral content were decreased in the PCOS group, and bone mineral density has been found to be lower in lean patients than in matched controls [70] . In the cohort study of Lingaiah et al., metformin treatment, when compared with a placebo, was related with reduced bone turnover, as suggested by reductions in markers of bone formation and resorption, leading to slower bone remodeling in premenopausal women with PCOS [71] .
Women with PCOS in this study exhibited shifts in body water compartments. They were overall 'dehydrated,' but also had an augmented extracellular water compartment. Again, several studies have reported low-grade inflammation in PCOS [72] [73] [74] , even during metformin therapy [75] , possibly increasing osmolality as a result of the increased concentrations of inflammatory mediators [76] . When systemic, low-grade inflammation is present, the microcirculation and membrane permeability of the blood vessels are disrupted, resulting in body water compartment shifts, even in the presence of overall dehydration [77] . It should be noted that OCs do not provoke water retention, as was once, believed [78] , which implies no contribution of these agents to the observed increased extracellular water in our patients [79, 80] . Furthermore, recent studies have established that OCs do not induce changes in body water compartments [64, 81] .
A statistically significant difference in the phase angle was also observed between the two groups of our study. The phase angle represents the angle between the electric reactance and resistance, as it depends on cell membrane integrity and body cell mass. A low-phase angle is consistent with low reactance, associated with either cell death or breakdown in the selective permeability of the cell membrane. Generally, a phase angle is lower in disease than in health, increasing with an improvement of the clinical status. A high level of inflammatory and oxidative stress in our patients associated with their low-grade inflammation might explain the findings related to the phase angle [82] .
The limitations of the study include the small sample size [83] , the cross-sectional nature, the lack of inclusion of other PCOS populations (e.g., PCOS patients not on treatment or obese PCOS patients) or non-PCOS populations on metformin and OCs, as well as the lack of inflammatory and muscle wasting biochemical markers [84] to support the body composition findings.
We demonstrated a decreased muscle mass, major shifts of the water compartments, and an overall "osteosarcopenic" phenotype of our lean PCOS patients under a six month treatment with metformin and OCs. All the elements of the disturbed body composition in osteosarcopenic PCOS patients may be future targets of therapeutic interventions, like the GLP-1 agonists [85] . Further longitudinal cohort studies with a larger number of patients are necessary to confirm our results. 
